than $85 billion in 2006, and the costs have steadily increased. 17 Instrumented lumbar spine surgery was shown to account for $12.8 billion in 2001 in estimated overall US health care expenditures. 6, 24 Thus, despite the positive impact of lumbar fusion on patient-reported quality-of-life metrics, 3, 8, 23, 25 the value of lumbar spine surgery for virtually all indications has come under considerable criticism. The VDO database can be applied in cost-effectiveness analysis to calculate the value of treatments in neurosurgery. The goal of this study was to evaluate specific cost drivers of 1-and 2-level elective procedures for lumbar spine posterolateral fusion with interbody devices.
Methods

Patient Inclusion
After institutional review board approval was granted with a waiver of consent, the VDO database and a crossreferenced electronic medical record were utilized to identify cases in which 1-or 2-level elective combined posterolateral and interbody lumbar fusion were performed. A search by Current Procedural Terminology code 22263 (posterior or posterolateral arthrodesis, posterior interbody lumbar fusion) was performed for the period from January 2012 through June 2017. Only patients aged 18 years or older who underwent elective procedures for the treatment of degenerative spondylosis or spondylolisthesis with instability were included. Single-and 2-level interbody devices were included. A manual chart review was performed to verify surgery site and number of levels.
Surgical Procedures
The patients were primarily treated using either open surgery or minimally invasive surgery (MIS) approaches. Open procedures involved a traditional midline approach with laminectomy, foraminotomy, and medial facetectomy followed by disc removal, endplate preparation, and placement of an interbody cage. Polyetheretherketone cages were used almost exclusively at our center, and bone morphogenetic protein was not routinely used. Pedicle screws and rod constructs were used in all cases. Intraoperative navigation was also commonly used for instrumentation. The MIS procedure involved a midline incision for frame placement and 2 lateral incisions for instrumentation. An expandable retractor system was used for bone work (Versa-Trac Retractor System, Becton Dickinson) and interbody grafting on one side, whereas sextant-based, percutaneous screw placement (CD Horizon Sextant, Medtronic) was used on the other side.
Analysis
Patient demographic variables and surgical data were abstracted from the medical records for each patient. The American Society of Anesthesiologists (ASA) physical status classification system was used to assess patient status before surgery. Cases were recorded as either open or MIS approaches, and complications were delineated into major and minor categories. Major complications were deep wound infection or sepsis requiring surgical treatment, thrombosis (stroke, pulmonary embolism, or deep vein thrombosis), and hardware revision. Minor complications involved intraoperative or postoperative medical management only and included superficial infection, dural tear, and ileus. Patient discharge destination was noted.
The VDO database is a novel resource that generates direct costs in lieu of patient/insurer charges, and its methodology has been previously reported. 10, 11, 13 Costs are formulated by calculating instrumentation and pharmaceutical purchase pricing. Facility and radiology costs are determined by the number of minutes patients spend in individual units or the time required for radiological studies. Total cost and subcategory costs, including pharmacy, imaging, supplies and implants, laboratory, and facility costs were analyzed. Subcategory cost is reported as a percentage of total cost, and actual dollar amounts are not reported as per agreement with the University of Utah. Instead, the mean percentage of total cost was calculated. For the entire patient cohort, costs were totaled and the fraction of total cost contribution for each patient was determined. The mean percentage of total costs may not total 100%. For subcategory cost contribution, the subcategory cost for each patient was divided by the total. For these calculations, percentages will equal 100%.
Continuous variables are reported as means and standard deviations and were analyzed by t-test. Noncontinuous variables were analyzed using the chi-square test. A multivariable linear regression was used to correlate factors with cost. IBM SPSS (version 20.0, IBM Corp.) was used for statistical analysis, with p < 0.05 considered significant.
Results
A total of 276 patients aged 18 years or older underwent 1-or 2-level elective lumbar posterolateral fusion with interbody devices from January 2012 to June 2017 ( Table 1) . The mean age of the patient population was 58.9 ± 12.4 years, and 129 (46.7%) patients were men. Of the 276 patients, 227 (82.2%) underwent 1-level procedures, and 49 (17.8%) underwent 2-level procedures. Fourteen patients (5.1%) were healthy (ASA class I), 176 (63.8%) had mild systemic disease (ASA class II), 75 (27.2%) had severe systemic disease (ASA class III), and 2 (0.7%) had incapacitating systemic disease (ASA class IV). The mean hospital length of stay was 4.5 ± 1.6 days. One hundred ninety-four patients (70.3%) went home without additional services from the hospital, 39 (14.1%) were discharged with home health assistance, 19 each went to a skilled nursing facility and an acute rehabilitation facility (6.9%), and 5 were discharged back to prison (1.8%).
We compared open and minimally invasive lumbar interbody fusion procedures (Table 1) . Of the 276 patients, 188 (68.1%) underwent an open procedure, and 88 (31.9%) underwent an MIS procedure. Patients in the MIS cohort were older (p < 0.0001), more likely to be female (p = 0.02), and stayed longer in the hospital (p < 0.0001). The rate of complications (p = 0.45), ASA class (p = 0.79), number of surgical levels (p = 0.64), and discharge disposition (p = 0.55) between the procedures were not significantly different (p = 0.45).
Thirteen patients (4.7%) had major complications, and 11 (4.1%) had minor complications. Major complications included deep infection or sepsis (3; 1.1%), thrombosis (6; 2.2%), and hardware revision (4; 1.4%). Superficial wound or urinary tract infection (9; 3.3%), dural tears (1; 0.4%), and ileus (1; 0.4%) were coded as minor complications ( Table 2) .
The percentage of total cost for each patient was calculated and averaged for open versus MIS cases. There was a significantly higher mean cost for MIS cases (0.35% ± 0.1% vs 0.40% ± 0.07%, p = 0.0001). On average, MIS cases were 1.14 times more expensive than open procedures. Subtotaled costs suggested that supplies and implants had a slightly higher cost for MIS cases (Fig. 1A) than for the other cost categories (i.e., facility, pharmacy, imaging, and laboratory). In a multivariable analysis of factors potentially affecting cost, undergoing an MIS approach (multivariate b = 0.16, p = 0.002), having a longer hospital stay (multivariate b = 0.47, p = 0.0001), and requiring a greater number of operated levels (multivariate b = 0.37, p = 0.0001) were all independent predictors of higher cost, with length of stay as the most significant contributor (Table 3) . A scatterplot of the length of stay and percentage of the total cost for 1-and 2-level procedures demonstrated a direct correlation between length of stay and cost (Fig. 1B) .
The distribution of total cost included supplies and implants (55%), facility (36%), pharmacy (7%), laboratory (1%), and imaging (1%; Fig. 1C ). Supplies and implants combined with facility utilization governed 91% of the total cost. The added cost associated with MIS cases (on average 1.13 times as much as open cases) was primarily mediated by facility cost and supplies/implants.
Discussion
The results of this study highlight the cost distribution for patients undergoing 1-or 2-level elective posterolateral and interbody lumbar fusions for degenerative conditions. The results suggest that facility as well as supply and implant costs are the most influential components in this surgical population. In fact, supplies and implants accounted for 55% of total direct costs, followed by 36% for facility fees, together totaling 91% of the total cost of care for this patient group. Significant variables most affecting the cost in a multivariable analysis included the selection of MIS over an open technique, hospital length of stay, and the number of operated levels. Not surprisingly, a longer length of stay and greater number of surgical levels showed a clear correlation with total cost. Unexpectedly, utilization of an MIS approach resulted in a higher cost than open surgical fusion, even when controlling for age, patient surgical risk score, number of levels, and length of stay.
Cost-Effectiveness Research in Spine Surgery
Identification of factors affecting surgical spine care is important for identifying methods for cost reduction. Various approaches in studying cost-effectiveness in lumbar spine surgery have previously been performed for specific patient populations, such as patients with spondylolisthesis and those with scoliosis and when surgical approaches like MIS are used. 2, 4, 5, 7, 9, 12, 15, [19] [20] [21] For example, Parker et al. 18 evaluated variables affecting cost of fusion and nonfusion spine surgeries using the National Neurosurgery Quality and Outcomes Database (N 2 QOD). This study identified length of stay, number of admission diagnoses and procedures, hospital size and region, patient income, fusion surgery, acute renal failure, sex, and coagulopathy as common drivers of cost. A study by Emohare et al. 1 suggested that use of vancomycin powder improved cost savings by reducing the infection rate associated with posterior spine surgeries. The authors evaluated a total of 303 patients undergoing instrumented and noninstrumented surgery, with 96 receiving vancomycin powder at the surgical site at a cost of $12 (total cost for the cohort $1152). No infection was observed in patients receiving vancomycin, whereas 7 patients experienced postsurgical infection in the nonvancomycin group, which had an additional $573,898 in standard surgical costs. An interdisciplinary approach toward reduction of costs for spine surgery might allow for better selection of patients and cost savings. In a study by Viola et al., 22 112 patients underwent conservative treatment and 218 were referred for surgical treatment. The total cost for the cohort decreased 158.5% because interdisciplinary discussion increased referral for conservative treatment.
Other identified surgical or postsurgical factors have been evaluated in an effort to identify ways to reduce patient cost. One study analyzed total costs of 1-and 2-level lumbar arthroplasties compared with circumferential lumbar fusion.
14 This study showed significantly lower charges for single-level lumbar disc replacements versus fusions ($35,592 vs $46,280, p = 0.0018) and suggested that operating room charges ($12,000 vs $18,950) had more influence than implant charges ($13,800 vs $13,990) on total cost variability. These results, combined with our findings that supplies and implants and facility costs made up 91% of the costs of care, suggest that strategies containing costs of spine surgery should focus on these categories.
Of interest, we found that MIS had a higher cost than traditional open surgery. Although this difference was statistically significant, it was clinically small. The absolute increase in mean total for MIS versus open surgery was 4.7%; this difference was almost entirely accounted for by increased supply and implant costs with MIS procedures in our study. Other studies have shown improved cost savings for MIS. A study by Lucio et al. 16 showed a cost savings of an average of $2825.37 for MIS posterior lumbar interbody fusion procedures compared with open procedures, a difference that was statistically significant. This finding suggests that MIS procedures can affect overall costs unexpectedly for certain patient groups.
Novel Cost-Based Database
The VDO database has been instrumental to our understanding of health care cost at the University of Utah. 10, 11, 13 After the VDO system was implemented, hip replacement costs and hospital laboratory testing costs were reduced through quality improvement initiatives. 13 The database can also track medical process changes. For example, earlier intervention in sepsis across the institution, recommended after VDO analysis, reduced the overall cost of the hospital encounter. Our previous analysis of cost drivers in the transsphenoidal resection of pituitary adenomas showed that facility costs, complex patient comorbidities, and patient complications were important factors in understanding overall cost. 10 This work suggested that reduction of cost in an inpatient setting would need to focus on facility costs, reduced length of stay, and reduction of complications in order to make a meaningful impact. This current analysis of cost drivers in lumbar fusion procedures serves to further elucidate cost drivers in neurosurgical diseases and interventions. One of the potential next steps from this project could involve the further standardization of spine fusion care, implementation of a fast-track mobilization program, and other specific steps to reduce extraneous costs for procedures or materials. The use of a cost database in lumbar spine surgery might offer novel insights compared with traditional cost-effectiveness approaches, for example, that implants and supplies outweigh the impact of facility charges. We think a benefit of the VDO cost database is that it offers more accurate information as to true health care costs.
Limitations
One limitation of the study is in the use of a single center, where practice patterns may be more uniform. Such findings might not necessarily be generalizable to other centers. Furthermore, several efforts to contain costs are ongoing. In addition, the limited sample size for individual providers, as well as changing practice patterns over time, do not allow for easy identification of specific factors that may be addressable in containing spine care costs.
Conclusions
The results of this study demonstrate that supply and implant costs and facility utilization are important in governing the overall cost of 1-or 2-level elective lumbar fusion surgeries. Reduction of length of stay and price negotiation regarding instrumentation might be effective methods of controlling costs. This study is unique in that we used a cost-specific database to evaluate costs associated with 1-and 2-level elective lumbar fusion surgeries, resulting in distinct conclusions from previous charge-based study designs. Specific approaches toward improving efficient resource utilization and monitoring outcomes are likely to be important to reduce cost, yet maintain health care quality.
